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SONIC LOGGING TOOL INCLUDING RECEIVER AND SPACER STRUCTURE 



FIBXJ) OF THE INVENTION 
The j^ent invention relates to Structures for use in zeceiver axxays and spacers for use in 
sonic boiehole logging tools. In paiticular, the invention relates to a structure having a 
partieular flexural behavior which is designed to reduce the impact of interference with sonic 
logging measurementSt 

BACKGROUND OF THE INVENTION 
The field of sonic loggixKg of boreiholes in the oil and gas industry involves making acoustic 
measurements in the borehole at fiequencies typically in the range 500 Hz - 20 kHz. Below 
this range is typically considered as the seismic domain, above it the ultrasonic domain. A 
summary of the general tectmiques involved in borehole acoustic logging can be found in 
GEOPHYSICAL PROSPECTING USING SONICS AND ULTRASONICS. Wiley 
Encyclopedia of Electrical and Electronic Engineering 1999» pp 340 - 365. 

One example of a sonic logging tool used by Schlumberger is the Dipole Sonic Imaging tool 
(DSI), shown in schematic form in Figure 1. The DSX tool contpdses a transmitter section 10 
having a pair of (upper and lower) dipole sources 12 arranged orthogonally in the radial plane 
and a monopole source 14. A sonic isolation joint 16 connects the transmitter section 10 to a 
receiver section 15 which contains an anay of eight spaced receiver stations, each cc^taining 
two hydrophone pairs» one oriented in line with one of the dipole sources* the other with die 
orthogonal source. An dectzonics cartridge 20 is connected at the top of the receiver section 
15 and allows communication between the tool and a control unit 22 Icxsated at the surface 
via an electric cable 24. With such a tool it is possible to make both monopole and dipole 
measurements. The DSI tool has several data acquisition operatii^ modes, any of which may 
be combined to acquire waveforms. The modes are: upper and lower dipole modes (UDP, 
LDP) - waveforms recorded from receiver pairs aligned with the respective dipole source 
used to generate the signal; crossed dipole mode - waveforms recorded &om each receiver 
pair for j&rings of the in-line and crossed dipole source; Stoneley mode - monopole 
waveforms from low fircquency firing of the monopole source; P and S mode (P&S) - 
monopcde waveforms from high frequency fixing of the monpole transmittra; and first motion 
mode - monopole threshold crossing data from high frequency fixing of the monopole source. 
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One frsquentiy observed problem in dipole logging is the propagatioxi of a flexund signal 
fiom the souTce to the receivers along the tool itself. This signal, often known as a ^ool 
arrival**, interfi&ies with the detection of the corcesponding signal that has propagated in the 
fonnation and so is highly undesirable. Approaches that have been taken to remove or reduoe 
the occurrence of tool arrivals include the provision of a device or stnicture between the 
source and receivers which prevents propagation of the tool anival (an "isolator")* ^d 
adoption of a receiver structure which delays or attenuates the tool anival. 

One form of isolator is found in tools in which the sources and receiver ace found in two 
separate bodies connected by a relatively flexible connector sudh as a cable or flexiblo tube. 
An example of this is found in US 5^43,001. Such an approach is effective in preventing die 
tool anival from passing directly along the tool body &om.the source to dte receiver but has 
the problem in that the tool cannot be used in any borehole which is not vertical, or nearly so. 
Since boreholes that are deviated from vertical are very common* such a tool has limited 
q>p]ica£ion. This structure also does not address the problem of a flexural signal coupling 
into the leoeiver structure iGrom the borehole and then propagating along the receiver. 

For tools in which the sources and receiver are connected in a xeJatively rigid structure (Le. 
one which can operate in deviated boreholes), die ^proach has been to interpose an isolator 
between the source and receiver which intennipts the tool anival path with a stiucmre which 
delays and/6r attenuates the flexural signal propagating along the tool body. In the DSI tool 
described above» die sonic isolation joint includes stacks of rubber and steel washers located 
around connecting members. This structure is the only connection between the transmitter 
and receiver, there being no continuous housing or tool body between the twa The sonic 
isolation Joint is disclosed in more detail in US 4,872,526. 

Another form of isolator is a segmented structure in which the isolator is itiade up fiom a 
series of segments, each of which is connect only to its neighbors, there being some resilient 
or absorbent material at each joint. Examples of such structures are found in US 5,229^53 
which has a series of shdls and spools, or 3n US 5,728,978 which has a number of tubular 
members joined by interlocking lobes (see also SFB S6790 A Dipole Array Sonic Tool for 
Vertical and Deviated Wells, Lucio N. Tello« Thomas J. Blanklnship, Edwin K. Roberts, 
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Computalog Reseaich. Rick D. Kuzmiski, Computalog Ltd.* 1999 SPE Annual Technicid 
Confezence and Exhibition, Houston. Texas 3-6 Octoto 1999). 

As wgU as providing an isolator between the source and receiver, modifications to the 
structure of the leceiver Section itself have been proposed. In the DSI tool, for which the 
receiver houslag provides the main structural strength for the tool, a combination of slots and 
apertures and mass loading rings are used to modify the acoustic behavior of the housing to 
reduce or delay to flexural (and other) tool aiiivab. Further examples of this approach can be 
found in US 4,850,450 and US 5,036,945. In US 5,731,550 the segmented structure applied 
to the isolator in US 5,229,553 is also applied to the receiver section. However, since this is 
not a rigid scmcnue, it may be necessary to also provide a housing or sleeve to make die tool 
able to operate in deviated boreholes. Other ^fiproaches to addressing this problem are 
discussed in PCT Application No. PCT/]B98/D0646, published as W099/S6155, and 
incorporated hsvem by reference. 

To date, no approach has been c<^plecely successfbl in removing or preventing flexural tool 
arrivals. It is an object of the present invention to provide a tool stiuctutc in which the 
problem of flexural tool arrival can be bandied in a way which docs not compromise the 
ability of the tool to make dipole measurements of the formation. 

SUMMARY OF THE INVENITON 
The present invention provides a structure for a logging tool which comprises a substantially 
continuous central mandrel having regularly spaced mass blocks disposed thereon, at least 
some of the mass blocks caixying sensors such as recovers. 

By adopting this structure, the tool can be made to behave as a mass^-spting structure and its 
flejcural and ext^isional b^iavionr controlled such that its dispersion curve does not extend 
into the dispemon carve of the formation to be logged. The structure can be applied to the 
whole of the log^g tool or just to the receivu' section and/or any spacer secdon between the 
receiver and the transnoitler section. 

A tool Incorporating the invention will include at least one acoustic signal source and a 
receiver secdon and/or a spacer section having tbt mandrel-mass block structure. Prciferably 
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the tool oompiises a transmitter secdcm with monopolc and orthogonal dipole souices, a 
spacer mUx the mandrel as the load bearing member, aixd a receiver section wifh further 
monopole sources and a receiver array formed from the mandrel-mass block structure. 

Where the mass block structure is s^plied to the receiver section of a logging tooK some of 
the blocks are used to cany acoustic receiver elements such as hydrophones. The blocks act 
as receiver mountings and ore connected to each other only via the mandrel. By locating 
receiver elements on a number of adjacent blocks, a icceiver array can be formed The array 
will ^icsilly comprise a number of receiver stadoos (mass blocks)* for example eight, 
twelve or sixteen stations, each of which has several xeceiver elements arranged in a regular 
mmasr around the periphery of each station, for example four or eight receiver elements. 

Front end electronics can be associated with each receiver element so as to provide a digital 
output from each one. The required circuitry can be located around the mandrel adjacent to 
the respective receiver .mounting$. In this manner, communication of signals along the tool in 
die digital domain can be achieved. 

The receiver dCTients are preferably provided with appropri ate decttonics so that the output 
is in digital form. 

Rirther monopole sources can be located at either end of the receiver axray. 

Where the mandrel-mass block structure is applied to a spacer section, it is preferably 
disposed between the transmitter and receiver secdons of the tool. Hue mandrel acts as a 
continuous load4)earing stmctuie and can be hollow to define a wiring conduit between the 
two parts of the tool. A non-load bearing outer sleeve made ftom a material such as teflon 
can be provided (a similar sleeve can also be provided for a receiver stmcture). 

The invention Is described below in relation to the drawings by way of example. It will be 
appreciated diat variations can be made in implementation while remaining within the scope 
of the invention. 
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BRIEF DESaUOPTION OF THE DRAWINGS 
Figure 1 shows apdor act sonic logging tool; 

Figufd 2 shows a logging tool incorporating embodyunaients of the present invention; 
Figure 3 shows a more detailed view of a transmitter module of the tool of Figure 2; 
Figures 4a, 4b and 4c show more detailed views of a spacer section of the tool of Figure 2 
and the mass block used therein; 

Figure 5 shows a general view of the interior of the receiver sonde of the too] of Figure 2; 
Figure 6 shows a partial view of the physical elements of the receiver and near transmitter 
section of tibe receiver sonde; 

Figures 7a« 7b and 7c show side, cross-section» and isometric views of a mass block used in 
the receiver sonde ; 

Figure 8 shows an alternative block design: 
Figures 9a and 9b shows a PGB mountix;^; 

Figure 10 shows acquisition electronics at the sensing element level; 
Figure 11 shows acquisition electronics at the receiver station level; 
Figure 12 shows the architecture of the receiver communication bus; 
Figure 13 shows a first stage antplifler circuit design; and 
Figure 14 shows a second stajse JitnpiifiAr chxniit design. 

DESGEUPTION OF TEiE PREFBRIUSD EMBODIMENT 

Referring now to Figure 2. there is shown therem a bor^ole logging tool mcluding a receiver 
section and a spacer section according to embodiments of the Invention. The tool shown in 
Ingure 2 comprises an acoustic transmitter module 110 including a centxaliser 112 and a 
standoff 114. The transmitter module 1 10 Is shown in more detail in Hgure 3 and Gonq)rises 
an electronics section 120 with appropriate elec^nics and drive circuitry for the acoustic 
sources, an oil volume compensator section 122, a first dipole souree 124 (nominal *'Y" 
direction), a second dipole source 126 (orthogonal to the first source 124, nominal **X" 
direction) and a monopole som:ce 128. The dipole sources 124, 126 are substantially as 
described in the ^plicants* copending US Patent Application, serial no. 09/537,836 entitled 
*T>ipole Logging Toor, filed March 2second« 2000 (incorporated herein by ref(^ence) and 
the monopole source 128 is substantially as described in US 5,036,945 incorporated herein 



5 



PAGE t(M30'RCVDATS/10/20ll55:0g:S4 AM [Eastern DayligMr^^^ 



05- 5-10)17:42 ; Sc h I umbe r ge r 



;0427593619 



# 11/ 30 



WO 02/41034 PCTmW>mC96 

by reference). A feed*4iuougli section 130 i& pmvided to allow power and signalling wiring to 
be connected to the portion of tibie tool above the transmitter module 110* 

As shown in Figure 2, connected immediately above the transmitter module 110 is a spacer 
section 132. Two opdons axe shown in the figure^ a long section 132a aikI a short secdon 
132b. The length of die spacer section can be selected according to the expected acoustic 
behaviour of the formation to be logged The spacer secdon 132 is described in more detail in 
relation to Figures 4a» 4b and 4c, and comprises an inner mandrel 200 formed fhsm a titanium 
alloy pipe having a series of stainless steel mass stnxctures 210 comprising blocks with a 
cylindrical outer surface 212 and a shaped inner sur&ce 214 defining a cavity 216 mounted 
securely at regular intervals along the length of the mandrel 200, The masses 210 are secured 
to the mandrel 200 by heating each mass 210 to cause it to expand and sliding it into place 
over the mandrel 200 using a bore 220 defined by the inner surface 214 of each mass 210. 
The mass 210 is then allowed to cool and shiink around the mandrel 200. By careful 
selection of the material and structure of the mandrel 200 and masses 210, and appropriate 
positioning of Hie masses 210 along the mandrel 200» the spacer can be configured to beiiave 
acoustically like a mass-spring structure which does not inteifexe with the acoustic signals 
used for evaluation of the formation surrounding the borehole* while still providing suitable 
physical stractore and support for the otiier parts of the tool. Since there is no sleeve or 
housing around the spacer* and the mass blocks 210 are hollow and not sealed to each other, 
it is possible for bor^ole fluids to enter the cavity 216 In the mass blocks 210 and mud to 
build up inside the blocks and affect their acoustic behaviour. In order to allow cleaning of 
the cavity 216, bores 218 are provided through the sidewall 212 of the blocks 210. The 
mandrel 200 is hollow and connected to feed throughs 230, 240 at either end of the spacer 
section 132 such tliat wiring (not shown) can pass through the spacer 132 between the 
oransmittOT module 1 10 and the receiver sonde 134. 

The top of the spacer section 132 is connected to a receiver sonde 134 comprising a receiver 
and near monopole transmitter section 136. an oil volume compensator 138 and a sonde 
electronics section 140, and which Is provided with rubber standoff 142, 144. A general 
view of the intemal structure of the receiver sonde 134 is shown in Figure 5. The receiver and 
near monopole transmitter section 136 of tlie sonde 134 con^tdisns an array 145 of receiver 
stations 146 (16 in this example although otiier numbers are possible) spaced along a central 
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mandrel 148» each station 146 comprising a receiver mounting block ISO connected to the 
mandrel 148 and having a number of sensmg elements 152 (hydrophones) arranged 
equiangulady around the circumference of the block ISO. In the present case, eight elements 
152 are provided but other numbers* e.g. four, can also be used. Front end electronics boards 
are associated with each receiver station 146 and are described in more detail below. 
Monopole transmitters 154» 156 are mounted al either end of the receiver array 145. The 
receiver and near monopole section 136 is encased in an annoured teflon sleeve 158 and is 
filled with oil for pressure compensation. The oil volume compensator 138 is connected 
above the receiver and near monopole transmitter section 136 and connected to the interior 
thereof. The sonde electronics section 140 Is connected above the oil vohsme compoisator 
138 and includes front end power supplies and step up transfbrmers (not shown) for the 
monpolc sources. Tctd throughs 160 are provided to allow wiring communication between 
the various sections of the sonde 134. The Upper part of the sonde 134 is also provided with 
feed tiiroughs 162 for connection to a master electronics cartndge 164 which also has a 
.centraliscr 166. The cartridge 164 is provided with standard connectors 168 which allow 
connection to other tools in a logging tool string or to a telemetry cartridge which 
conununicates with a surface system via a wireline logging cable (not shown). 

The receiver sonde is shown in more detail in Figures 6, 7 and 8. The basic structcre of the 
receiver section 136 is a mandrel 148 and mass block 150 arrangement similar to that used in 
the spacer section. Monopole sources 154, 156, essentially tiie same as that descnbed in 
relation to the transmitter section above, are provided at either end of the receiver section 1 36. 
The mandrel 148 extends between thssc sources 154, 156 and the series of mass blocks 150 
are mounted on the mandrel 148 in the same way as in the spacer section. Sixteen adjacent 
blocks 150 define receiver mountings 170 each of which carries a circumferential array of 
receiver dements (hydrophones) 172 spaced around the periphery thereof, One diametrically 
opposed pair of dements in each station are aligned with a respective one of the dipole 
sources. In this embodiment, eight receiver elements 172 are provided. It wUl be appreciated 
that the number of stations and the number of receiver elements at each station can be 
selected according to requirements* for example, twelve stations, each with four receiver 
elements could be chosen. 
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The blocks ISO c(»uprise a relatively elongated, tubular body 180 having a boie 182 
exteudiDg diiough die middle. An end section 184 of the bore 182 has a legion 186 of 
reduced diameter which embraces the outer surface of die mandrel 148* The outer part 188 of 
the block 150 is fbrmed into a mounting cavity 190 for the sensing element 172w An 
alternative form of block ISO is shown in Figure 8. These forms* or odier simDar stiuctuies 
can be used to defiae die acoustic behaviour of the receiver secdon, particularly in die 
flexural mode. Bach block ISO is competed so that it does not contact the adjacent blocks 
directly. The only continuous structure in the receiver is the mandrel 148. Dummy blocks 
(such as shown in Figure 8) can be provided at the ends of die receiver station array 145 to 
ensure consistent acoustic behaviour of the structure near the ends of the array* 

The sensing element 172 is preferably a piezoelectzic pressure sensor. The preferred form of 
sensor coniprises a piezoelectric cylinder with end caps connected by a screw extending 
through the cylindec Another form of sensor is a polarised stack of piezoelectric plates. 
These can be in the form of a stack with a screw extending through the centre of the stack to 
congress the plates. Alternatively, the plates can be located in a housing and separated from 
each other by electrodes to maximise the pressure effect on die plates. Whichever form of 
sensor is used, it is preferred that the axis of polarisation is parallel to the longitudinal axis of 
the tool. The exact manner in which the sensing element 172 is mounted In the block ISO will 
depend upon the form of the sensing clement used. 

Front end electronics are mounted on circuit boards (not shown) located on mountings 250 
(see Figure 9) positioned around the outer part of each block ISO, one set of boards on a 
mounting 250 being associated with eadh receiver station. The mountings 250 comprise four 
snn^ices 252 located between circular end fittings 254 which fit over the block ISO. The outer 
diameter of die end fittings is substantially ttie same as diat of the mounting cavity 190. 

TIic basic electronic structure for the receiver ficont end is shown in Figure 10 and comprises 
the sensing element 172, whoso o\itput is fed to a first stage 300 including a charge to voltage 
conversion amplifier with a first order high pass filter. The output from the first stage 300 
passes to a second stage 302 which has a programmable gain amplifier and a ADC input 
buffer. The output from the second stage 302 passes to an ADC 304 with a 20 bit delta-sigma 
converter and decimation filter which provides serial data to a DSP 306. When extended to 
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an eight sensor station as described here, the front end electronics can be implemented as 
shown in Figure 11, with separate first and second stages for each sensor and a two channel 
ADC 304 being provided to handle ^ ontpnts from two sensors at a time. It will be 
appreciated that the number of channels for the ADC will depend on the particular 
kc^lementation of an ADC used. The resulting output from the DSP provides a digital output 
for each receiver station #1 through #16 which is passes along a common serial bus 308 in 
the receiver section to a master DSP 310 in the master electronics cartddge 164 (Figure 12). 

The profened implementation of the first stage amplifier is shown in Figure 13 and compiises 
a diflferential charge amplifier circuit The sensor ou^ut signal Si is provided to an OPA404- 
type op amp modified by a test signal St and RC circuits RfCf, RlCl to give a first stage 
output Ol. Other implementations might also be appropriate, such as single-ended or 
balanced charge or voltage amplifiers. 

The prcfened ixxqplementation of the second stage anqplifier is shown in Figure 14. This takes 
as its input the first stage output Ol and conditions ihe signal using two OPA404 type op 
amps (OPA404a, OPA404b) and a POA with apprppdate R and C elements. Again, other 
circuit designs might also be app r o pil a t e . The output of the second stage passes to the ADC 
and then to the receiver DSP which acquires serial data fiom the four ADCs per station 
through a parallel bus and converts it to serial data. The DSP also functions to provide signal 
processing for signal deconvolution when coded sequences are used £com the acoustic signal 
sources (e.g. M^sequences), to provide controls to the devices such as the ADC and PGA on 
the circuit boards and to communicate with the master DSP in the electronics cartridge 
Including tcansmissii»i of the acquired data. 

The above description is by way of example of various eixibodiments of the invention. 
Changes can be made while still utilising tiie invraitiye concept presented here. In particular, 
the physical size and shape of the mandrel and block structures can be varied to suit 
requirements. Also> the electronic designs presented here may be replaced by others in 
particular circumstances. None of these changes affect the inventive concept presented here. 
The invention can be implied to other tools in which it is desired to generate acoustic signals 
and make acoustic measurements. 
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CLAIMS 

1 Ad acoustic borehole log^g tool, coznpxising: 

i) at least one acoustic sigicial sovxce; and 

ii) an acoustic receiver section compnsing a substantially continuous central 
mandrel having a series of regularly spaced mass blocks disposed tfaereon, at least 
some of the mass blocks carrying aoousdc receiver elements. 

2 A logging tool as claimed in daim 1, eomprisiug a tod body including a substantially 
continuous structural member extendiug between the acoustic sigual source and the 
acoustic receiver sectioiL 

3 A logging tool as claimed in claim 1, wherein receiver elements are disposed on each 
of a number of neighbouring mass block so as to form a linear array. 

4 A logging tool as claimed in daim I, wherein each mass block catrying acoustic 
receiver elements has a number of elements disposed around the periphery thereof. 

5 A logging tool as claimed in claim U wherein each receiver element has associated 
electrojoics to provide a digital output therefrom. 

6 A logging tool as claimed in claim 5, wherein the electronics are located around tbe 
central mandrel adjacent associated receiver elements 

7 A logging tool as claimed in claim 2, wher^ the substantially continuous stnictural 
member con^rises a c^entral mandrel having a series of mass blocks disposed tliereon. 

8 A logging tool as claimed in claim 1, comprising monopole and dipole acoustic signal 
sources. 

9 A receiver sonde for use in an acoustic borehole logging tool* comprising; 

i) a substantially continuous central mandrel; 

ii) a series of regulariy spaced noass blocks disposed on^ central mandrel; and 
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iii) acoustic xeceiver eiteniBQts carried on at least some of the mass blocks. 

10 A tecdver sonde as claimed in claim 9, further compxising at least cm acoustic signal 
source. 

U A receiver sonde as claimed in claim 9, wherein acoustic receiver elements ace carried 
on adjacent mass blocks so as to form an array. 

12 A receiver sonde as claimdd in claim 9t wherein each mass block carrying recerver 
elements has a plurality of elements distributed around ttie periphery thereof 

13 A recerver sonde as claimed in claim 12, ^A^ier^ each mass block carries at least four 
receiver elements. 

14 A receiver sockde as claim^ed in claim 1 1, wherein the array is formed from at least eight 
adjacent mass blocks. 

15 A receiver sondo as claimed in daim 9. further comprising electronics associated with 
each receiver element so as to provide a digital output there fi xi m , 

16 A spacer section for use in an acoustic logging tool» comprising: 

i) a substantially continuous cenccal mandrel; and 

ii) a series of regulariy spaced mass blocks disposed on the central mandrel. 

17 A spacer seccioa as claimed in claim 16, wherein the mandrel is hollow and defines a 
conduit for wiring between sectiojos of the log^g tool disposed on either side of the 
spacer. 

18 A spacer section as claimed in claim 16» where no outer sleeve is provided for the 
series of blocks. 

19 A spacer section as claimgrf in claim IS, wherein each block has an opening defined 
therein to allow cleaning of a region around the mandcel. 
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20 A xeceiver sonde for use in an acoustic logging tool, comprising: 

i) atoolbod^; 

ii) a series of receiver mounts spaced along the tool body and canying acoustic 
receiver elements; and 

iii) electronic circuitry located in the sonde between the receiver mounts, the 
circuitry being connected to the acoustic receiver elements such that output from 
each element is converted into digital format by circuitry located adjacent to its 
respective receiver mount. 
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